Résumé. 2014 70T -72.40 
Abstract. 2014 The paper presents the first demonstration of a new method of forming photovoltaic p-n junction in silicon by the « Pulse Implantation Doping (PID) » technique. In this technique, an intense ion pulse provides both the dose necessary for doping and the portion of energy required to recrystallize a damage-free, doped surface layer. The ion beam pulses within the range of one microsecond and of a current density within the range of several ka/cm2 are generated by a Rod Plasma Injector 2014 the machine developed at INR 2014 Swierk for the research in controlled ion beam fusion. The best solar cells obtained using a non-optimized PID process with boron as dopant have efficiencies of 4.5-4.7 %, without antireflection coating at AM1 condition.
J. Physique 43 (1982) [1] have adopted a simplified accelerator structure without mass separation, the ions being produced by DC glow discharge in a gas containing the dopant (BF3 and PF5). By combining this simplified implantation process with the subsequent laser pulse annealing, they were able to fabricate silicon solar cells having conversion efficiency as high as 11 to 14 jo.
In this paper, we present the results of the first demonstration of an entirely new approach to the p-n junction formation, referred to as Pulse Implantation Doping technique in which implantation and damage annealing are combined in a single processing step, due to the use of a high intensity pulsed ion beam. In PID, the ion pulse provides the dose necessary to dope the semiconductor and, simultaneously, supplies an energy portion necessary to recrystallize the damagefree, near-surface layer [2] . In addition, likewise in the reference [1] the magnetic separation is also eliminated. This new approach is based on the use of powerful ion plasma guns, originally developed at INR-Swierk for the generation of ion beams used in thermonuclear fusion research [3, 4] .
Below are presented considerations of the physical conditions of PID process, the experimental system, and the results of our pilot experiments on the p-n junction formation by boron implantation into n-type silicon.
2. PID process conditions. - figure 1 . The working gas (BF3) is injected into the vacuum chamber, evacuated to 1 x 10-5 torr, through a fast electromagnetic valve and expands in the electrodes region.
After an adjustable delay, a discharge is triggered between coaxial, cylindrical grid-type electrodes. The ions, produced in the discharge, are accelerated by the interelectrode radial electric field in the presence of a strong azimuthal magnetic field accompanying the discharge current flow. In the discharge conditions, the magnetic field influences, only slightly, the motion of heavy charged particles (ions) while the electron flow between the electrodes is strongly suppressed. figure 2 . The high energy ions are produced during the short interval when the discharge current falls as the ionized gas leaves the interelectrode region. The most important operational parameters of the ion source are the energy density at the target location, the mean ion energy and the ion energy spectrum.
The energy density of the incident ion pulses E has been measured by placing the calorimeter in the position of the implanted sample and has been found to vary between 3.0 and 3.5 J/cm2. figure 3 the energy spectrum of deuterium ions produced in the same device under comparable experimental conditions [9] . In this case P, -20 keV
The ion pulse, produced in the plasma discharge, is accompanied by other types of radiation emission.
Below, we present a short discussion of this radiation, together with the estimates of the upper limits of the energy delivered in that way to the target.
The analysis of the electrical processes in the discharge circuit shows that, out of the 13 kJ stored in the Fig. 3 figure 4 . We observe, consistently, a very good monocrystallinity and a lack of damaged surface layer as indicated by almost perfect coincidence of the aligned spectra of the virgin and the implanted samples. Under the conditions of our experiment, boron implantation is accompanied by fluorine ions and these ions, being heavier than boron ions, are potentially able to create damaged surface layer [1] . The lack of evidence of such a layer confirms our expectations of the melting mechanism being responsible for the good quality of the PID produced layer. To lower the leakage current, the effort must be expanded in two directions. Firstly, the PID process has to be optimized as regards the ion-beam energy density and the beam homogeneity must be improved. Secondly, the metallization process parameters must be matched to the p-n junction depth and to the surface resistivity of the PID processed samples.
Further studies in these directions are in progress in our laboratory. 
